. the entrance foil entered the plates at such an angle that tracks caused by them, when viewed under a microscope, were easily distinguished from those coming from the hydrogen gas contained in the scattering chamber, since the desired tracks and the foil scattered tracks entered the field of view from different angular directions. Thus the particles scattered from the entrance foil constitute a non confusable background. -5-Four point screw supports permitted the paraffin collimator and the camera to be aligned coaxially within 1/16-inch. The alignment was carried ~ut with an optical telescope and was checked by exposing, during the first few minutes of the cyclotron run, an x-ray fi~m located in a known position on the camera. A 1/16-inch alfgnment tolerance ~oe•s not introduce a first order sou~rce of error since the plates were arranged symmetrically around th'e , .
beam and the angular distribution data from all plates were combined.
The plates. were aligned in the camera by being held against a machined s·urface for which the geometric tolerance was less than 0.010-in.ch.
Two identical cameras were constructed,. one for hydrogen exposures, the other for vacuum, background exposures. __ Jhe exposures from which the data were taken were made for 405 minutes
. at an averag~e of 2 7 -1/Z R per hour, for the hydrogen run, and 65 minutes at an average of 28 R per hour, !or the vacuum run. The first few trial runs with hydrogen in the camera resulted in completely blackened plates. At first it was thought that the blackening was caused by impurities in the hydrogen gas, so the hydrogen gas was passed through a hot palladium leak, thus separating all other elements with the possible exception o!'a minute,.
trace of helium. Since the blackening still occurred to the same · de€ree with this purified hydrogen it was concluded that the hydrogen its;elf must attack the emulsion. Webb 4 advised us later that it was possible that the photographic emulsions were fogged by pure . . 3 ' hydrogen gas. The reason that Panofsky and Fillmore did not experience this difficulty was that they used a lower hydrogen pressure than the two atmospheres used in this experiment, and· somewhat shorter times during which the plates were exposed to the hydrogen. It was found that the blackening of the plates by the These tracks were excluded since the specific ionization of tracks scattered at these angles. with energies of 35 to 50 Mev, is so low that an excessive number of tracks is missed by the observer.
In addition all 157 tracks in the angular range of 79° to 85° in the laboratory system were not included in the final results since, as will be mentioned later, the correction factor for tracks that do not reach the plates due to scattering in the hydrogen gas is too In. addition the probability of a particle corning from a :p·a.rticular part of ~e cylindrical, uniform intensity beam is a .
sine distribution in z. These two distribUtions introduce ~ . . _'&eo-metric uncertainty which must be included in a consideration of the precision of the results. The two probability distributions, one in y and one in z must be combined by a folding process, which is really a. two step random walk effect. Due consideration must be given to the geometrical relation between the angle ~ observed in the microscope and in the angle eL at which a particular proton is actually scattered from the beam. The mean difference between these two angles, shown by curve b in Figure 4 , is seen to be less Since it was the purpose of this experiment to extend the cross section curve to smaller angles it is important to investigate the limitations on the acceptability of the data in the small neutron angular range. There are four effects to be considered in deciding how far into the small angle region the data can be considered dependable.
1.
0 At about eL = 80 the energy of the scattered protons becomes so small that all of them do not have a range in the hydrogen gas long enough to allow them to strike the plates.
2.
Also due to their low energy they experience appreciable amounts of small angle scattering in the hydrogen gas. 
4.
Furthermore, in the region of 80°, as a result of the reduced proton energies, as mentioned above, the ranges of the particles in the emulsions are in many cases too short to allow for accurate identification and measurement. The combined result of these four effects must be ascertained in order to evaluate the data. properly. ..
The combined probability distributions due to the small angle gas and emulsion .scattering are shown in Figure 7 , curves a.'
These are for particles that left the scattering centers at <j>L = 78°
and 79°. The probability di. 2 )/z is independent of the scattering angle.
As a result of the geometricalparameters, when the two 1/Z-inch geometrical tolerances are combined properly, they produce a probable error of 1. 54 inches in the geometrical factor, (z 2 + y 2 )/z, whose mean value is 13.12 inches. This probable error only introduces a very small error into the r.elative cross section data. which is combined with the statistical error and properly normalized is listed in Table I , column 7. The values of the 6(cos 8) factor em of Equation 3 for the transformation from laboratory to center of I mass angles are shown in Table I , column 5 and 1/6. (cos &) em is plotted in Figure 4 , curve e. The corrected data divided by these factors and multiplied by 1.192 x 10-3 to normalize the results to the absolute cross sections of Hadiey, et al, 1 are given in Table I , column 6, and plotted with their probable errors in ..
• . ,
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V CONCLUSIONS
The n-p scattering cross section can be rneasured by the nuclear emulsion method for 90 Mev neutrons between neutron angles in the center of mass system from approximately 26° to 80°. . The conversion factor is calculated .for the same threedegree intervals into which the data is divided. Curve (b). the multiplicative correction factor that must be applied to the data as a .result of the cutoff, is ~ecured fl·om the three curves (a) directly, and includes no correction for gas scattering. .
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